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ROCKET MOTOR CASE USING PLANK SECTIONS 
AND METHOD OF MANUFACTURE 


Field of the Invention 

The present invention is directed to a rocket motor 
case using plank sections and a method of manufacture 
and, in particular, plank sections which form a slotted 
case sidewall construction to meet insensitive munitions 
guidelines . 

Background Art 

Casings or cases such as those for rocket motor 

combustion chambers or war heads which contain heat 

sensitive energetic materials such as propellant grains 

or explosive material present a serious safety hazard. 

If the casing should be exposed to fire or other high 

temperature environments when not in use, an explosion 

may result. Under these conditions, the heat sensitive 

energetic material within the casing can ignite and cause 

catastrophic thermal stress and pressure buildup within 

the case with subsequent explosion. Responsive to this 

hazard, military tests and specifications have been 

developed to assure that these types of rocket motor 

combustion chambers or warheads are designed so that 

these types of hazards do not occur as a result of fires, 

other high temperature environments or penetration of the 

casing by a bullet or other high speed fragment. 

The prior art has proposed various solutions to 

i 

avoid case explosions when subjected to such things as 
fuel fire, cook-off conditions or projectile and/or shock 
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scenarios. For example, United States Patent No. 
4,458,482 to Vetter et al . discloses a rocket motor which 
will undergo a small local case rupture and produce a 
mild burning reaction to prevent a dangerous build-up of 
5 interior pressure. 

United States Patent No. 4,041,869 to San Miguel 
discloses a rocket motor casing using a "cook-off liner ^ 
with discontinuities therein to allow room for a thermal 
expansion of propellant grain or the cook-off liner 
^ 10 without significantly reducing the protection of the 

J3 rocket motor. 

[7 United States Patent No. 5,-0^3,007 to Figge 

Ho discloses a tailorable, roll-bonded, insensitive 

f; munitions case which loses its structural integrity upon 

gi 15 reaching a predetermined temperature which is below the 

L. auto ignition temperature of the housed heat-sensitive 

Ci energetic material. This patent is incorporated by 

Fy reference in its entirety herein. 

Although various solutions have been proposed to 
03 20 overcome the problems discussed above with these types of 

cases, the prior art still includes numerous 
disadvantages. Many of the prior art designs are costly 
to manufacture in that detailed and complicated machining 
is required to meet the insensitive munition guidelines. 
25 Moreover, the prior art designs are typically rigid in 

nature and do not offer a wide flexibility in 
accommodating different size cases and/or different types 
of heat sensitive energetic materials. 

In view of these disadvantages, a need has developed 
30 to provide an improved rocket motor case which meets the 

insensitive munition guidelines but is lower in cost to 
manufacture and more flexible in meeting various design 
specifications. Responsive to this need, the present 
invention provides an improved rocket motor case which 
35 utilizes plank sections which are easily configured to a 

given motor case design. The plank sections, in 


combination with roll bonded sheets, offer both passive 
and active case venting prior to propellant cook-off. 

Summary of the Invention 

Accordingly, it is a first object of the present 
invention to provide an improved rocket motor case which 
meets insensitive munition guidelines. 

Another object of the invention is to provide a 
rocket motor case which is lower in cost to manufacture 
and offers both passive and active venting and structural 
separation prior to propellant cook-off. 

A further object of the present invention is to 
provide a plank section which is adaptable with rocket 
motor case enclosures and roll bonded sheets to form an 
improved rocket motor case. 

A still further object of the present invention is 
to provide a rocket motor case construction which offers 
design flexibility and is adaptable for both slow and 
fast cook-off conditions. 

Other objects and advantages of the present 
invention will become apparent as a description thereof 
proceeds . 

In satisfaction of the foregoing objects and 
advantages, the present invention, in one aspect, 
provides a plank section for use in manufacturing a 
rocket motor case which includes an enclosure and roll 
bonded sidewalls. The plank section includes a plank 
body having a plank leg extending therefrom. The plank 
body has a defined width and transverse arcuate cross 
section such that a plurality of plank sections joined 
together form a continuous structure corresponding to the 
rocket motor case circumference. Each plank leg has a 
width less than the defined width of the plank body such 
that adjacent plank legs form a venting space 
therebetween and therealong ^he rocket motor case. The 
venting space allows for release of pressure from within 


the rocket motor case. The plank body is typically 
attached to the case end closure. It should be noted 
that whereas the incorporation of vencing space ihto the 
planks offers pressure relief and thereby a benefit in 
hazardous reaction mitigation, the omission of venting 
space for certain applications still provides the lower 
cost manufacturing benefits of the embodied invention. 

In another aspect of the invention, a rocket motor 
case is disclosed utilizing the plank section described 
above. The plank sections attach to the end enclosure 
and surround the heat sensitive energetic material of the 
rocket motor case. Overlaying the plank legs are roll 
bonded sheets as disclosed in United States Patent No. 
5, 170, 007 . 

In a preferred embodiment, the plank sections are 
secured to a tubular insulating bladder by seal rings at 
opposite ends thereof. This assembly attaches to the 
enclosure of the case such as a dome or flat plate, the 
enclosure and assembly surrounding the heat sensitive 
energetic material in the rocket motor case. 

The invention also describes a method of making a 
rocket motor case using the plank sections and tailorable 
roll -bonded sheet material. The plank sections are mated 
together or can be attached to the rocket motor case 
enclosure or a substrate such as the seal ring-containing 
tubular insulating bladder. The tailorable roll bonded 
sheets are;then applied to surface portions of the plank 
sections to form the rocket motor case wall. 

Brief Description of the Drawings 

Reference is now made to the drawings of the 
invention wherein: 

Fig. 1 is a perspective view of a pair of plank 
sections according to the invention; 


Fig. 2 is a partial cross-sectional view of a rocket 
motor casing of the invention showing two different 
internal configurations; 1 

Fig. 3 is a perspective view of an alternative 
embodiment of the invention; 

Fig. 4 is a cross-sectional view along the line IV- 
IV of Fig. 3; and 

Fig, 5 is a perspective view of another embodiment 
of the invention. 

Description of the Preferred Embodiments 

The inventive rocket motor case overcomes several of 
the disadvantages in prior art munitions and rocket motor 
casings. By using a discreet number of plank sections as 
part of the rocket motor case, the case is lower in cost 
than prior art designs and is more conducive to 
inspection techniques to meet government specifications. 
Since the inventive rocket motor casing uses discreet 
planks as part of its construction, defects in a given 
plank do not require reworking of the entire motor case 
structure. The defective plank can be discarded and 
substituted with an in-spec plank without excessive down 
time during the manufacturing procedure or high reworking 
costs . 

Using the plank construction of the invention, a 
rocket motor casing can be tailored through a wide range 
of length to diameter ratios for a given rocket motor 
case. The plank sections of the invention can be made in 
any length and any arcuate transverse cross section to 
achieve a given case diameter and cross-section. The 
inventive planks provide a structural key for locking 
domes or other types of closures used in rocket motor 
case without the need for threaded connections. Each 
plank section shares in providing axial stiffness and 
torsional stiffness when roll bonded and load support for 
the rocket motor case and provides equivalent mechanical 


properties as a solid case when used in conjunction with 
the roll bonded sheet material described below. 

The plank sections also provide case vent ing 'through 
interplank slotted channels to permit passive venting in 
the event of propellant ignition during cook-off. These 
slots can also contain early initiating charges which 
force case venting (active venting) at temperatures 
determined by the chemistry of the charge. 

With reference now to Fig. 1, a pair of plank 
sections joined or mated together are designated by the 
reference numeral 10. Each plank section 1 includes a 
plank body 3 with plank legs 5 extending therefrom. The 
plank body 3 is of a desired width and a transverse 
cross-sectional arcuate shape so that when the plank 
sections 1 are mated together, they form a cylinder of a 
desired diameter for rocket motor case construction. 

The width of the plank leg 5 is less than the plank 
body so that a venting space 7 is formed between adjacent 
plank sections 1 when they are mated together. The plank 
legs 5 can terminate in end portions 9 which correspond 
in width to the plank body 3. The end portions 9 also 
mate together as part of the rocket motor case 
construction . 

The plank legs 5 have an outer surface 11 which is 
designed to receive tailorable roll-bonded sheet material 
as disclosed in United States Patent No. 5,170,007 and 
described hereinafter. 

The plank body 3 facilitates attachment to a rocket 
motor case enclosure such as a dome or flat plate. With 
reference now to Figures 1 and 2, the plank body 3 has a 
skirt portion 13 with bores 15 therethrough. The skirt 
portion 13 facilitates attachment of the rocket motor 
case to another stage. The bores 15 assist in connecting 
the additional stage to the skirt 13. The bores 15 when 
used with an appropriate collar ring and bolts facilitate 
the assembly operation by maintaining plank alignment and 


position during roll -bonding . Additionally, these bores, 
used in conjunction with an interstage section, a second 
casing, or a collar ring, materially assist in stiffening 
the planked case. 
5 The plank body 3 also has a raised portion 17 which 

forms a step 19. The step 19 acts as a stop for the 
tailorable roll -bonded sheet material 21 which is wrapped 
around the plank legs 5 and forms the rocket motor case 
sidewall . 

10 The plank body 3 also has a raised portion 23 which 

attaches to the enclosure 25. It should be understood 
that the raised portion 23 of plank body 3 engaging a 
corresponding recess in the enclosure 25 is only an 
exemplary mode of attaching the plank section 1 to the 

15 enclosure 25. Any known means of fastening the 

structures together can be utilized. For example, the 
components can be secured using adhesives, fasteners, or 
any other known bonding or fastening techniques. The 
plank body 3 may also have a threaded portion thereon for 

20 threadable attachment to the enclosure 25. 

With specific reference to Figure 2, the rocket 
motor case is formed by the union of the enclosure 25 and 
plank section 1 in conjunction with the tailorable roll 
bonding sheet material 21. In one embodiment, the 

25 enclosure 25 and plank sections 1 can be bonded or 

attached directly to a cured propellant or other heat 
sensitive energetic material 27 located within the rocket 
motor case. 

Alternatively, a tubular insulation bladder 29 can 
30 be interposed between the plank section 1 and enclosure 

25 and the heat sensitive energetic material 27. In this 
embodiment, the plank sections and enclosure can be 
bonded directly to the insulation bladder or, as will be 
discussed below, the plank sections can be bonded to 
35 sealing rings which are incorporated with the insulation 

bladder. Preferably, the planks are used in conjunction 


8 

with the insulation bladders such that there is no gas 
path directly to the planks. 

The plank sections can be made of any material 
suitable for use in a rocket motor case. Examples of 
5 such materials include metallic, non-metallic or 

composite materials. Examples of these types of 
materials include fiber reinforced thermoplastics or 
fiber reinforced precured thermosetting materials. Other 
materials include metallic composite materials such as 
10 aluminum, titanium or similar metals with reinforcing 

material such as boron, silicon carbide, graphite or the 
like . 

With reference again to Figures 1 and 2, the 
tailorable roll-bonded sheet material 21 is applied on 

15 the surfaces 11 of the plank legs 5. As disclosed in 

United States Patent No. 5,170,007, the sheet material 21 
such as a thermoplastic or thermosetting fiber-reinforced 
broadgood is roll bonded over the plank legs 5 to provide 
the required hoop strength for the rocket motor case. By 

20 tailoring the softening temperature for the adhesive used 

in the roll -bonding process, the roll-bonded sheet 
material or broadgoods would lose interlaminar strength 
at a temperature below propellant ignition. Thus, the 
broadgoods separate permitting the rocket motor case to 

25 dismantle and lose pressure and load bearing capacity 

rather than explode. Preferably, the roll -bonded sheet 
material is not bonded to the surfaces 11 of the plank 
legs 5 in the areas separating the venting spaces 7. By 
omitting the roll-bonding adhesive in these areas, the 

3 0 venting spaces 7 are connected by a unimpeded gas passage 

which facilitates the venting function when needed. 

In the broadest embodiment of making the rocket 
motor casing, the plank sections 1 are attached both to 
the casing enclosure and are surrounded by the roll- 

35 bonded sheet material, the roll bonding performed as is 

known in the art. The enclosure, plank sections and 
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roll bonded sheet material formed the rocket motor case 
surrounding either the heat sensitive energetic material 
or the insulation bladder which in turn surrounds the 
heat sensitive energetic material. As described above, 
5 the rocket motor cases can be combined utilizing the 

plank section skirts 13, if desired. 

In a' more preferred embodiment, with reference 
Figures 3 and 4, the plank sections 1 are first attached 
to a seal-ring containing tubular assembly 31. For 

10 clarity purposes, only two plank sections are shown 

attached to the assembly 31. The tubular assembly 31 
comprises the insulation bladder 29 and a pair of sealing 
rings 33 embedded therein and located at ends thereof. 
The plank sections 1 are attached to the sealing rings 33 

15 in any conventional fashion such as adhesives, fasteners, 

etc. As is evident from Figure 3, the sealing rings 33 
attach to the plank sections in such a manner to allow 
the venting space 7 to be unimpeded for the passive 
venting function. In this method of manufacture, the 

20 plank sections 1 are sequentially laid around the tubular 

assembly to form a cylindrical surface to receive the 
tailorable roll -bonded sheet material. The roll bonding 
of the sheet material can be first applied to the plank 
legs 5 followed by attachment of the plank bodies 3 to 

25 the rocket motor case end enclosure (not shown) . 

Alternatively, the plank bodies 3 can be first attached 
to the end enclosure followed by roll bonding of the 
sheet material . 

The sealing rings 33 at both ends of the plank 

30 sections 1 enhance the sealing of the rocket motor 

casing. That is, the rings facilitate attachment between 
adjacent plank sections to avoid caps or leaks 
therethrough and contribute to the structural integrity 
of the tubular assembly. 

J 

35 In another embodiment, an initiation charge 35 can 

be located in the venting space 7 to provide active 
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venting at temperatures determined by the chemistry of 
the particular charge in the rocket motor case. Since 
these types of initiating charge devices are well known 
in the art, see United States Patent No. 4,478,151 to 
5 Vetter et al . , hereby incorporated in its entirety by 

reference, a further detailed description thereof is not 
deemed necessary for understanding of the invention. 

It should be understood that the plank sections can 
be utilized in any type of a solid rocket or a solid gas 
q 10 generator motor case which uses munitions such as 

jB projectiles and/or bombs. Moreover, given the ability to 

L, tailor the dimensions of the plank sections in both width 

C : and length, the plank sections can be utilized with any 

LP 

^ shape case enclosure and can be configured for attachment 

E 

CP 15 thereto in any known manner. 

Figure 5 shows an alternative embodiment of the 
SJ inventive plank section designated by the reference 

! y numeral 1'. In this embodiment, stiffening ribs 41 are 

yg incorporated into the planks 5' . The stiffening ribs can 

Si 20 be integrally formed with the plank legs 5' or attached 

to a surface thereof. The stiffening ribs enhance 
bending and buckling resistance, particularly for plank 
legs of narrower widths or extended lengths. The plank 
body 3' can include a tongue and groove construction. A 
25 tongue 43 is located on one side of the plank body 3' 

with a corresponding groove 45 located on the other side. 
In this embodiment, the tongue and groove are located at 
the surface of the plank body 3' permitting the plank 1' 
interlocking during assembly operations. The tongue 43 
30 engages the groove 45 of an adjacent plank section to 

facilitate mating thereto and rocket motor case 
structural integrity. Of course, other types of tongue- 
in-groove joints may be utilized to facilitate adjacent 
plank section attachment. This type of attachment may 
35 also be used in combination with other forms of 

attachment for mating the adjacent plank sections 
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together such as adhesive bonding or the like. The skirt 
section 13' and/or the plank body 3' of the plank section 
can also include slots 47 therein for rocket motor case 
fin attachment (See Figure 5) . These fins can be 
5 attached in the slots using any known bonding or 

fastening techniques. 

The stiffening ribs 41 can also be arranged in a 
slot in the plank leg surface rather than being 
integrally formed therewith. 

10 The use of the plank sections permits the 

construction of a low cost hybrid metal/composite or 
composite/composite solid casing tailorable to meet 
insensitive munition requirements. By adjustment of the 
plank section dimensions, the size of the venting space 

15 can be controlled for a given heat sensitive energetic 

material and rocket motor case design to optimize the 
rocket motor case ability to release any pressure build- 
up due to slow or fast cook-of fs before an explosion can 
occur. The use of the tailorable roll-bonded sheet 

20 material provides a further flexibility in combination 

with the plank sections to meet these types of munition 
requirements. That is, the roll -bond overwrapping can be 
controlled by selection of the appropriate number of 
layers to hold the plank sections together while still 

25 being tailorable to meet the insensitive munition 

requirements . 

As such, an invention has been disclosed in terms of 
preferred embodiments thereof which fulfill each and 
every one of the objects of the present invention as set 

3 0 forth hereinabove and provides a new and improved rocket 

motor casing using novel plank sections. 

Of course, various changes, modifications and 

alterations from the teachings of the present invention 

may be contemplated by those skilled in the art without 

J 

35 departing from the intended spirit and scope thereof. 


Accordingly, it is intended that the present invention 
only be limited by the terms of the appended claims. 


J 


